using Hirsch funnel with suction or ordinary funnel and filter paper with or without pressure ; wash the precipitate by decantation twice with sixty per cent. nitric acid solution, using about fifty cc. of the solution each time, agitating thoroughly, and allowing the precipitate to completely settle, once with the same amount of three per cent. ammonium or potassium nitrate solution,' transfer it to the filter, and wash it five or six times with water, using 150 to 250 cc.' Now wash the filter and contents back into the beaker, add excess of standard alkali, and then a few drops of phenolphthalein, and titrate back with standard nitric acid.
' 2
THOJIhS B. STILLJIAS.
HKO, + Xq., 100 cc. HNO, f -1q. requiring z months to dissolve 2 grains of aluminium."' M. M . Pattison JIuir' states, in relation to the chemical properties of aluminum: " I t is scarcely attacked by K N 0 , f A q . "
Weeren,' "Aluminium is soluble in HNO, + Xq i 7 z z~acuo."
Storer's Dictionary of SoluSilities of Chemical substances, page 28, gives the one reference only regarding the action of nitric acid upon aluminum, v i z . , t i unacted upon by nitric acid, either concentrated or dilute, at ordinary temperatures, but is slowly dissolved therein on boiling. " S . Menschutkin,' ' ' Nitric acid has only a slight action upon aluminium, the layers of nitric oxide formed protecting the metal from further attack." Ira Remsen. ' Charles M. Hall,* I ' Sulphuric and nitric acids act upon aluminium with extreme slowness, not dissolving it appreciably after several days' exposure to their action."
Henry Roscoe," Sulphuric and nitric acids, both dilute and concentrated, have no effect upon aluminium."
Hanford H e n d e r s~n ,~ "Aluminium is almost untouched by nitric and sulphuric acids." G. A. Leroy T h e foil was polished, freed from fat with caustic soda, washed with alcohol, dried in the air-bath, cut up, weighed and introduced into the acids. Accbrding to these results, almost pure aluminum, 99.5 per cent., is attacked even in the cold by nitric acid.
Very elaborate experiments were made by G. Lunge and E.
Schmid' regarding the action of nitric acid upon aluminum. They show that aluniinum is readily attacked by nitric acid of 1.20 sp. gr. at ordinary temperatures, and that with nitric acid of sp. gr. 1-50 the action is comparatively feeble. These experiments were conducted in the chemical laboratory of the Zurich '' Polytechnicum."
The aluminum was in the form of sheet metal, cut into strips of eighty mm. long, twenty-seven nim. wide, and one mm. thick. Its composition was : Aluininum 99.2 per cent., iron 0 . z j per cent., combined silicon 0.44 per cent., and crystallized silicon 0 . I I per cent.
hfessrs. Lunge and Schniid conclude as follows : Several experiments made by us convince us that the statements in the text-books, according to which aluminum is slightly or not at all attacked by HNO,, are decidedly incorrect ; which fact brings to naught the hope entertained that this metal can be used in the manufacture of nitric acid."
In confirmation of these tests I made the following experiments, using aluminum (manufactured by the Pittsburg Reduction Co.) containing 99.6 per cent. of aluminum.
Coarse turnings were made of the metal, and six samples, each of one gram, were transferred to glass flasks and treated as follo\~-s : These results show that aluminum in the form of coarse turnings is readily acted upon by nitric acid, hot or cold, the solution of the metal being more rapid in nitric acid, of sp. gr. 1 . 1 5 , than with the stronger acid of sp. gr. 1.45. I n this connection, no doubt, the form in which the metal exists has a material influence upon the rapidity of solution in nitric acid.
ACTION OF NITRIC ACID
If the metal be in thick plates the action of the nitric acid is very much retarded.
N. Menschutkin' considers that a layer of nitric oxide is formed, protecting the metal from further action of the acid.
To prove or disprove this statement, I selected a piece of aluminum (of the same composition as that with which the above experiments were made), one inch long, one inch wide, and one-half inch thick. This was placed in a large flask, 700 cc. of nitric acid, 1.35 sp. gr., added and kept at a temperature of 100' C., for five hours, when complete solution of the aluminum was effected. The result of these tests shows that while aluminum in thin foil, or coarse turnings, is easily dissolved in nitric acid, hot or cold, solution is materially retarded in hot nitric acid if the aluminum be present in thick plates, and that solution in cold nitric acid is practically nil under the same conditions.
T h e solution of aluminum nitrate which I obtained from experiment I V deposited crystals of aluminum nitrate in the form of colorless, truncated, rhombic, octahedral crystals, similar in composition to those described by Ordway,' of the composition Al,(NO,), + 18H,O.
Ordway, however, obtained the aluminum nitrate by dissolving recently precipitated aluminum hydroxide in nitric acid and slowly concentrating, the crystals having the form of colorless rhombic prisms.
A. Ditte? describes a basic aluminum nitrate, obtained by the action of dilute nitric acid upon aluminum, of the composition Al,( NO,), + 4H,O. I t exists as a white precipitate in the form of fine needles. ' I have failed to find in the bibliography of aluminum nitrate any reference to the formation of Al,(NO,), + 18H,O by the direct action of nitric acid upon aluminum, as obtained in experiment IV, above described.
